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ABSTRACT 

Interfaces for a PDP-8 computer used in Tropospheric propagation 

research have been developed to provide communication with and control 

over the real-time radio equipment. This report describes the work that 

was done on these interfaces and provides an understanding of their 

operation . 

The characteristics of the Jnput/Output bus of the PDP-8 computer 

and the digital circuit modules used in the implementation of the inter¬ 

faces are provided as background for the discussions of the interfaces. 

Each of the interfaces is described with at least three sections: 

a general description of its function, e specific description of the 

Input/Output commands used by it and the functions they perform, and a 

discussion of the interface as it is implemented. In those cases where 

it is useful, a discussion of the features of or problems with the design 

and implementation of the interface is also included to aid in the under¬ 

standing of the interface. 

A brief conclusion describes the performance of the finished hard¬ 

ware and the software that was developed for it. 
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I. INTRODUCTION 

The Tropospheric Propagation Group at Stanford Electronics 

Laboratories, under the direction or Dr. Alan Waterman, Is engaged 

In the study of the atmosphere through the use of remote probing by 

waves (radio or acoustic) propagated through It. This probing ts 

typically done by equipment which consists of one or more transmitters 

and a number of receivers (referred to as a receiving array). The 

receivers (the elements of the array) are oriented In a line which 

is perpendicular to a line from the transmltter(s) to the middle of 

the receiving array. A wave Is launched by a transmitter, passes 

through the medium (the atmosphere) along the propagation path and Is 

sampled by the receiving array. The amplitude and phase (measured with 

respect to some signal used as the phase reference) of the output from 

each receiver In the array Is switched by a multiplexer (analog switch) 

to an Analog-to-Dlgital (A-D) converter which digitises the signals. 

The digitized signals are then read Into the computer to which the 

converter Is attached, a PDP-8 manufactured by Dlglt.l Equipment Corporation 

The signals are then stored In the memory of the computer (queued) and 

periodically written out onto a magnetic tape for storage. The data 

stored on the tape Is later processed by several different analysis programs 

to determine how the atmosphere has distorted the wavefront. The purpose 

is to provide some Insight Into the processes occurring In ,h. atmosphere 

at the time that the data was acquired. 

There are at present three arrays corresponding to three separate 

projects (two radio and one acoustic). One of these arrays Is used 
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at a time, controlled by the computer through the multiplexer. This 

multiplexer switches the array element outputs to produce a switched 

array output which is the input co the amplitude and phase detectors 

mentioned above. This multiplexer may be one of two devices, depending on 

the array in use. One of the devices, used by one of the radio arrays and 

the acoustic array, may be reset to the first element (element zero) of 

the array, set to some specific element, or incremented to the next element. 

The other device, used by the other radio array, may be reset to the first 

element of the array or incremented to the next element. 

In the past, because the characteristics of the array multiplexer 

depended on the array in use, two separate computer programs were used 

to control and acquire data from the arrays. These programs were 

closely tailored to the characteristics of the multiplexer and array(s) 

with which they were used. The result of this v/as that when improvements 

were necessary they were compounded by the need to improve both programs. 

Added to this was the desirability of acquiring data from the arrays 

at higher rates than had been used previously and in addition from 

various meteorological instruments. Consequently, it was decided that 

a new program was needed which would be versatile enough and fast enough 

to acquire data from any one of the three arrays and other instruments at 

the necessary rates. The single program would also help ease the transition 

to the use of IBM compatible magnetic tape when this equipment became 

operational. 

As the design of the program progressed, it became apparent that 

the program would use almost all of the input and output devices connected 

to the computer and that some additional outputs from the program were 
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also required. These added outputs would be used for transmitter 

switching, for oscilloscope triggering at the beginning oi each 

scan (sampling of amplitude and phase from each element) of the 

receiving array and for event information for analog strip-chart 

recorders. This last output was required to help correlate data 

recorded on the charts with the data that was actually acquired by 

the program. Due to this problem, the devices connected to the computer 

were studied to determine whether any of them could be expanded in some 

way to provide the outputs that were required. Two of the devices looked 

as though they could be expanded, so they were studied more closely. 

These two devices were the control part of the array multiplexer which 

could be set to any element and the Digital-to-Analog (D-A) converters 

contained in the D.E.C. Type 34D oscilloscope display. 

The array multiplexer control logic, referred to as the Utility 

Buffer (UB), consisted of a four flip-flop up-counter, the outputs of 

which were buffered through level converters (saturating amplifiers) 

and then sent to the actual switches in the arrays. Since the four-bit 

counter has 16 possible states, the outputs of the counter were used 

to select oie out of 16 or fewer receivers through the switches at the 

arrays. As mentioned before, this up-counter could be reset to 0, set 

to some value in the range 0 through 15, or incremented (up-counted) 

under program control from the computer. Since the length of the word 

in the PDP-8 is 12 bits, the counter could have been expanded to 12 bits 

without adding any additional control logic. 

The D-A converters each consisted of control logic and a 10 bit 

register driving an analog ladder switch and operational amplifier. 
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Used together, they could select one point in a 1024 x 1024 point dot 

matrix. When used in this manner, a program can display anything on 

the face of an oscilloscope that can be drawn one point at a time. 

Again, since the computer word length is 12 bits, the two 10 bit 

registers could have each been extended by 2 bits without additional 

control logic. 

It soon became clear that attempting to extend the registers 

in either of these devices might just add more problems. The new outputs 

would not be independent from the previous outputs of the devices 

without the addition of a considerable amount of logic. Furthermore, 

even with modifications, the new outputs would leave much to be desired 

in versatility and would just barely satisfy the requirements while 

leaving absolutely no room for future needs. It was therefore decided 

that a new device should be designed which would be able to provide the 

additional program outputs in the best way possible and also provide room 

for future developments. The new device is the 12 bit Relay Register 

which is described in Chapter 3. The strong points of the device include 

independent setting or clearing of one or more of the bits in the register 

and the ability to read the contents of the register back into the computer. 

Since the bits may also be cleared by push-button switches, the device 

can also be used for program interaction with users. 

During the time in which the new register and control was being 

designed, the mounting panel in which several other Stanford-built devices 

were wired was studied to see where the new device could be added. Since 

these devices had evolved rather unsystematically during the four years 

that the computer had been in use, the available room was not well used 
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and it would have been very difficult to install the new device. Therefore 

a new momting panel was purchased so that both the old and new devices 

could be wired into it. This had the added advantage of allowing the wiring 

and part of the debugging of the new device to be done before the device 

was installed, minimizing down-time on the heavily used computer. Further¬ 

more, since all of the old devices also had to be wired into the panel, 

this provided an opportunity for each of the old devices to be studied 

and redesigned in those cases where the design could be improved. 

Finally, some time after the devices were installed and checked 

out, experience with the data acquisition program showed that some 

additional switch registers would make the operation of the program 

(and perhaps others also) more efficient. The implementation chosen, 

which is also described in Chapter 3, consisted of three 12-bit switch 

registers which were mounted directly under the console switch register 

on the computer. They are connected as an input device which can be 

addressed in a manner similar to the way that the computer console switch 

register is used. 

The following chapter describes the features of the PDP-8 computer 

which are necessary for an understanding of the devices described in 

Chapter 3. Included is a discussion of the input/output signal bussing 

used by the computer and a discussion of some of the logic modules used 

in the devices described in Chapter 3. The latter discussion pays par¬ 

ticular attention to the features of these modules which make their 

operation different from the operation of today's most commonly used logic. 
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Chapter 3 describes each of the devices designed and built at Stanford 

that are added to the input/output bus of the computer. The primary purpose 

of the chapter is to provide a complete enough description of the devices 

to be an aid in finding the problem should something go wrong or in 

modifying the devices, should the need arise in the future. Besides the 

description of the device as it currently exists, comments have been added 

describing the devices as originally designed, the problems that resulted 

from the original design and the steps that were taken to solve these problems. 

The final chapter is a brief description of the finished hardware- 

software system and its operation. 
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II. BACKGROUND INFORMATION 

The equipment descriptions in the next chapter assume a knowledge 

of the characteristics of the programmed input/output bus of the PDP-8 

computer and of the digital modules used in the equipment, Flip-Chip 

series discrete diode-transistor logic modules. Both the PDP-8 computer 

and the Flip-Chip logic modules are manufactured by Digital Equipment 

Corporation. For those not familiar with this computer and these modules, 

this chapter will provide brief descriptions of the important points of 

each for a better understanding of the next chapter. 

The chapter is divided into two sections. The first section deals 

with the programmed input/output bus of the PDP-8. Included are descrip¬ 

tions of the physical and electrical characteristics of the bus and of the 

uses of the signals on the bus. The second section deals with some of the 

important characteristics of Flip-Chip modules, including the Diode- 

Capacitor-Diode gate found in some of the modules. Also, a short descripti 

of the Type W103 "Device Selector Module," which is used in every device, 

is included. 

1 • PDP-8 Programmed Input/Output Bus 

The Input/Output (i/o) bus of the PDP-8 computer consists of 

parallel data and control lines which originate in the PDP-8 processor 

and go from each peripheral device to tho next in a daisy-chain fashion. 

All peripheral devices are connected in parallel on this bus. 

The lines on the bus logically belong to one of two groups, the 

on 
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programmed i/o bus and the data break (or direct memory access) bus. 

The data break bus is used for the direct transfer of data between 

the computer's memory and high data rate peripheral device* . Since this 

bus is not used by the devices described in the next chapter, it will not 

be discussed further here. A more complete description of this bus is 

1 provided in a Digital Equipment handbook. 

The programmed i/o bus (whJ:h will be referred to simply as the 

I/O bus" from now on), logically consists of a group of input lines and 

a group of output lines (where "input" and "output" arc as seen from the 

PDP-8 processor). The input lines include three control lines and 12 data 

lines. The output lines include 22 control lines and 12 data lines. The 

lines, used together, allow the processor to address a single peixpneral 

on the bus for the purposes of control and data transfer. A block diagram 

of the I/O bus is shown in Figure 1. 

The lines in the i/o bus carr/ either levels or pulses. The standard 

voltage levels of these signals ore 0 volts and -3 volts. In most cases 

a -3 volt signal is applied to a line by a clamped load (which is described 

in the next section of this chapter), and a 0 volt signal is applied to 

the line by pulling the line to ground through the collector-emitter 

junction oí a transistor. Pulses on the line have standard durations of 100 

and 400 nanoseconds and may be either positive going (-3 volts to 0 volts 

and back to -3 volts) or negative going (0 volts to -3 volts and back to 

0 volts). All other signals on the lines are defined as being levels. In 

most cases where pulses are mentioned either a pulse or a level transition 

(in the same direction as the leading edge of the specified pulse) will 

perform equally well. 

...-...-..— 
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FIGURE 1 

PDP-8 PROGRAMMED i/o BUS BLOCK DIAGRAM 



.. w 

The output control lines consist of four pulsed and eighteen level 

lines. All of these signals except one are determined by the contents 

of the Memory Buffer (MB) register in the processor. The extra signal 

.>.ine is the B WR CLEAR or Initialize line. A negative going pulse is 

put on this line by the processor whenever the power switch on the computer 

is turned on or the START switch on the computer console is depressed 

This signal is used to initialize all device controls, flags, etc. to a 

known state. The actual effect of the signal depends on the i/o device 

and its usage is therefore included in the i/o device descriptions. 

Of the signals determined by the MB register, the level lines are 

derived by buffering the outputs of the MB register with amplifiers, and 

are therefore referred to as the Buffered Memory Buffer (BMB> lines. 

Generally, only 15 of these 18 lines are used for programmed I/O. These 

15 lines are the true and complement outputs of the middle six bits of 

the 12 bit MB register (12 lines) and the true outputs of the low order 

three bits of the MB register (3 lines). Although these levels reflect 

the contents of the MB register during every memory cycle, they are of 

significance to peripheral devices only during the execution of one family 

of instructions, the Input/Output Transfer (IOT) instructions (or commands). 

This family of instructions causes the processor to generate three pulses, 

called IOP pulses, which are conditioned by the contents of the low order 

three bits of the MB. At the time these pulses are generated, the MB 

contains the IOT instruction itself and so the three pulses are actually 

generated depending on the states of the three low order bits of the 

instruction. These are the three control pulses mentioned above. They 
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are labeled I0P1, IOP2 and IOP4 and are related to MB bits 11, 10 and 9, 

respectively. They are generated in a fixed time sequence during the 

execution of the I0T instruction, a» shown in Figure 2. As this drawing 

shows, IOP1 is generated only if MB11 (the low order bit) Is a 1, I0P2 is 

generated only if MB10 is a 1 and I0P4 is generated only if MB9 is a 1. 

It can also be seen that the separation of the pulse generation times is 

fixed at 1 microsecond. Due to this method of pulse generation the pulses 

are completely independent from each other (except for their time relation¬ 

ship) and can be used in any desired combination. 

Every peripheral device has at least one "Device Selector Module" 

(which is more fully described in the next section) to which the three 

IOP pulses and the 12 true and complement lines from the middle six bits 

of the MB are connected. This nodule is ur <d by the device to determine 

when it is being addressed, and at that time to pass the amplified and 

shaped IOP pulses (now called I0T pulses) to the device. It is important 

to understand that the use of these IOP (become I0T) pulses is determined 

entirely by the peripheral device being addressed, not by the processor as 

is the case with some small computers. 

The 12 data output lines are called the Buffered AC lines because 

they are the buffered outputs of the bits in the Accumulator (AC) register 

in the processor. These lines can be sampled when it is desired to transfer 

data from the processor to a device. This is usually carried out in the 

device by gating these lines with one of the I0T pulses from the device’s 

device selector module. The levels on these lines are 0 volts for bits in 

the 1 state and -3 volts for bits in the 0 state. 

11 
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The three input control lines are used by peripherals to communicate 

back to the processor. They consist of two pulsed lines, the AC clear 

bus and the Skip bus, and one level line, the program interrupt bus. 

These lines are all held at -3 volts (the 0 state) by clamped loads in 

the processor, and are pulled to ground (the 1 state) through the collector- 

emitter junction of a transistor. 

The AC clear bus is used by peripheral devices to force all of thi 

bits of the AC register to the 0 state. It may be grounded before data is 

transferred into the AC of the processor or after data is transferred out 

of the AC of the processor, but must always be done under the control 

of a specific IOT pulse from a device selector. This is necessary due to 

the fact that peripheral devices and the processor are by nature asynchronous 

and that clearing of the AC at a random time would have disastrous results. 

The Skip bus is used to cause the Program Counter (PC) register 

in the processor to be incremented by an extra 1 at the end of the IOT 

instruction. The PC is normally incremented by 1 to cause the sequential 

execution of instructions in memory. Incrementing it by 1 extra (a total 

of 2) will cause the processor to "skip" the next sequential instruction. 

This provides a method whereby a peripheral device can respond to an 

inquiry from the processor concerning the status of some condition(s) in 

the device. The program in the computer can then take different actions 

depending on whether or not the skip occurred. As mentioned above for 

the AC clear bus, this bus must be grounded only in response to a specific 

IOT instruction from the processor. 

13 
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The program interrupt (PI) bus is used by peripheral devices to 

indicate to the processor that they are in neçd of service. The bus 

is pulled to ground by any and all peripherals that need service as soon 

as that service is needed and is held at ground level until the requested 

service is received. In order for the processor to see the signal on 

this line, it must be enabled for program interrupts, otherwise it will 

ignore the signal. If the processor is enabled for interrupts and this 

line is pulled to ground, it goes through a fixed sequence of operations 

at the end of the execution of the instruction in progress. This sequence 

is more fully described in Chapter 3 and Appendix 4 of the Digital Equip¬ 

ment Corporation handbook. Briefly, the contents of the PC is stored 

in location 0 of memory, the processor is disabled from further interrupts, 

and execution of the instruction in location 1 of memory begins. The 

program beginning at this location usually saves the contents of the 

active registers in the processor (AC, Link, etc.), identifies and services 

the request'’ng device, restores the active registers and returns to the 

interrupted program with the processor again enabled for interrupts. This 

program interrupt facility is particularly useful when it is desired to 

operate low- and medium-speed devices at their maximum rate at the same 

time that the processor is doing other things. 

The 12 data input lines are used to strobe data into the AC register 

in the processor. These lines are held at -3 volts by clamped loads 

in the processor and are pulled to ground by a device Wien it is desired 

to transfer data from it to the processor. This transfer is accomplished 

by gating bits that should be set to the 1 state with an IOT pulse. These 
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lines will then be pulled to ground by the collector-emitter junction 

of a transistor, loading specified bits in the 1 state into the AC. 

Note that the AC will then contain the inclusive OR of the previous 

contents of the AC and the 1 bits on the data lines. Since the bits in 

the 0 state will not affect the bus, the corresponding bits in the AC 

will not be changed. Where it is desired to load the AC with data from 

the peripheral, the AC should be cleared first either by an instruction 

in the processor or by the use of the AC clear bus. 

Further descriptions of the details of the characteristics and 

use of the programmed i/o bus can be found in the Digital Equipment 

1 
Handbook ; however, this section should have provided enough information 

for understanding the next chapter. 

2. Flip-Chip Module Characteristics 

As mentioned previously, Flip-Chip modules are discrete component 

diode-transistor logic modules. The standard logic levels for these 

modules are 0 volts (ground) and -3 volts. Included in the line of 

modules are inverters, multiple input NAND/NOR gates, flip-flops and 

special logic functions. These modules are used both in the devices 

described in the next chapter and in the PDP-8 computer and its associated 

peripherals which are produced by Digital Equipment Corporation. This 

section will simply describe a few of the characteristics of these 

modules which make them different from the integrated circuit logic used 

commonly today. A more complete description of these modules can be 

2 found in another Digital Equipment handbook/ 

Following immediately is a description of a "typical" gate, 
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Including the clamped load mentioned earlier, which is representative 

of the inverters, gates and some of the other functions in the line 

of modules. Next is a description of the Diode-Capacitor-Diode gate 

which is an important part of the flip-flop and delay modules. Finally, 

a description is given of the "Device Selector Module" which is used 

by all peripherals to determine when they are being addressed. 

The "typical" gate . 

A multiple-input diode-transistor gate is shown in Figure 3. 

When all inputs are at -3 volts, the point is also negative and 

current flows from the transistor emitter through the biasing diodes 

and biasing resistor R1 to the -15 volt supply. The transistor will 

be turned on, and will appear as a low collector to emitter impedance. 

When anyone of the inputs goes to ground, the node point will also 

be pulled to ground. The other input diodes will be back-biased and 

will thus isolate the other inputs from the node point. Current will 

now flow through the biasing diodes and biasing resistor R2 and will 

hold the base of the transistor more positive than the emitter. This 

will turn off the transistor and it will appear as a high collector to 

emitter impedance. 

The circuit shown in the dash box is the clamped load which was 

mentioned earlier. When a high impedance (or an open circuit) is 

connected between its terminal and ground, the voltage at the terminal 

will go in the negative direction toward the -15 volt supply. When it 

gets to -3 volts, the clamp diode will conduct and current will flow 

through it to the -3 volt supply. This will hold the terminal at -3 volts 
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(with a 12 volt drop across load resistor R3). When a low impedance 

(or a short circuit) is connected between the ternirai and ground, 

the voltage will go below -3 volts (which will cause the clamp diode 

to stop conducting), and current will flow from the -15 volt supply 

through the low impedance (short) to ground. This circuit will thus 

establish levels of 0 volts and -3 volts depending on whether a low- or 

high- impedance (respectively) is connected to the terminal. 

For standard gates, these two circuits are put on the same module 

card and work together to carry out the gating function. When used 

with the I/O busses previously described, the clamped load appears in 

the processor and the output collectors of the gates in each peripheral 

device are all tied in parallel on the bus. In both cases, the clamped 

loads supply the -3 volt level and the crllector(s) pull the bus to 0 volts. 

Taking the clamped load and the rest of the circuit together, it 

can be seen that when all inputs are at -3 volts the output will be at 0 

volts and when one or more of the inputs is at 0 volts the output will be 

at -3 volts. This function, depending on which level is chosen as logic 

"l", is the NAND/NOR function. 

The Diode-Capacitor-Diode gate 

The Diode-Capacitor-Diode (DCD) gate is shown in Figure 4. This 

gate is used for input gating for the flip-flops, delays and pulsers in 

this line of modules. This simple circuit acts as an AND gate and 

provides logical isolation and delay (which is important for sampling 

flip-flops at the same time that they are being changed). The level 

input enables the gate when at 0 volts for at least 400 nanoseconds before 

a pulse occurs at the pulse input. The pulse input is activated by the 
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positive edge of a level change, and will work equally well with either 

positive-going pulses or positive-going level changes. 

It can be shown that the output terminal, when loaded, will stay 

at 0 volts as long as the level input is at -3 volts, independent of 

the condition of the pulse input. 

When the level input goes to 0 volts (enabled) while the pulse 

input is at -3 volts, capacitor C will charge through resistor R1 toward 

-15 volts. When the voltage across C reaches -3 volts, diode D1 will 

conduct and clamp node 1 at -3 volts and the capacitor will not charge 

farther. The time for the capacitor to charge is about 400 nanoseconds. 

When a positive-going level change appears at the pulse input, diode D1 

will cause node 1 to follow the change. This will cause node 2 to go 

in the positive direction from ground due to the charge on the capacitor. 

Diode D4 will then turn off and diode D3 will conduct, and the output 

terminal will go positive. Capacitor C will then discharge through 

resistor R2. The signal at the output will thus be a positive going 

pulse. Note that the pulse will appear at the output when the pulse input 

goes to ground after about 400 nanoseconds from the time that the level 

input goes to ground. It can also be shown that a pulse will appear at 

the output if a level change appears at the pulse input within 400 nano¬ 

seconds from the time that the level input goes back to the -3 volt state 

from the 0 volt state (assuming that it was in the 0 volt state for more 

than 400 nanoseconds). 

From the description above, it can be seen that the circuit acts 

like an AND gate with memory. Although this gate is not shown explicitly 



in the equipment schematics in the following chapter, it is the input 

gate for all of the flip-flops shown, and is particularly important 

for the proper operation of the variable clock. 

The Type W1Q3 Device Selector Module 

As described in the first section of this chapter, each peripheral 

device connected to the PDP-8 computer is responsible for recognizing 

when it is being addressed. The Device Selector (DS) module is used 

by peripherals for this purpose. It decodes the middle six bits from the 

MB register, which is the device address or select code. When it recog¬ 

nizes the proper code, it produces IOT pulses for the use of the peripheral 

from the IOP pulses that appear on the i/o bus. Although the MB register 

may appear to have the proper code at times during the execution of 

instructions other than IOT instructions (since it contains the contents 

of the currently addressed word for every memory cycle), the IOP pulses 

are generated by the processor only during the execution of IOT instructions 

and therefore the output IOT pulses will appear only during an IOT 

instruction with a device select code identical to the one specified 

by the module. 

The logic diagram for this module is shown in Figure 5. In the 

schematics in the following chapter it will be shown simply as a logic 

function. The lower part of the circuit decodes the device select code from 

the BMB lines. It is simply a 12 input HAND gate, of which only G inputs 

are used. Typically, all 12 inputs are connected to the true and complement 

outputs of the device select code on the BMB lines. The desired device 

select code is then selected by cutting off the diodes from the false sides 
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(opposite of true) of the desired bit combination. The output of the 

NAND gate will now go to ground when the desired six-bit code appears 

on the BMB lines. 

The output from this select gate is connected to the level inputs 

of the three pulse amplifiers shown above it. The pulse inputs to 

these amplifiers are connected to the three IOP lines on the i/o bus. 

The amplifiers will output a standard pulse of either 100 or 400 nano¬ 

seconds (depending on whether or not an external jumper is connected) 

only when the proper device select code is presented on the BMB lines 

at least 400 nanoseconds before an I0P pulse appears. The module has 

thus done most of the work necessary for the presentation of control 

pulses to the peripheral device, and is usually all that is required 

for this function. 



III. HARDWARE DESCRIPTIONS 

This chapter describes the special hardware (non-DEC) devices 

currently connected to the PDP-8 computer used by the T.P.G. It is 

intended to be a complete enough description of the hardware to be 

used as an aid in trouble-shooting or modifying these devices in the 

future . 

The devices described are (1) the Relay Register, (2) the Switch 

Registers, (3) the Utility Buffer, (4) the 120 Hz Clock, (5) the 

Variable Clock, (6) the Event Channels, and (7) the Plotter Control 

and Utility Pulses. Each of the discussions is divided into three or 

four parts, (a) functional description of the device, (b) commands 

used for communication with the device, (c) operational descriptions 

of the device logic, and for some devices, (d) design objectives. 

Schematics for each of the devices are included with the 

discussion of the device. The cable lists for control-to-device 

connection and the schematic for the Clock and Event Channel Control 

Box are included in the Appendix. 

The relationship of these peripheral devices to the rest of the 

PDP-8 computer system is shown in Figure 6. Each of the major pieces 

of equipment in the system is shown in this block diagram. The layout 

of the Stanford-built peripheral devices is shown in more detail in 

Figure 7, along with the external devices to which they are connected. 
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1. Relay Register 

Functional Description 

The block diagram for the Relay Register is shown in Figure 8. 

As is shown in this diagram, the device is composed of two major 

sections, the control section and the register section. The register 

section is further divided into three parts, a 12-bit flip-flop 

register with input gating, 12 output gates and 12 output drivers. 

The design of the device allows any bit in the flip-flop register to 

be set or cleared independently from the other bits in the register. 

The flip-flops can also be cleared through the push-button switch-lights 

connected to the flip-flops. 1116 register can thus be used for both an 

input and an output device. 

The control and register sections of the Relay Register are wired 

into the logic panel with the other special devices. The push-button 

switch-lights are mounted on a separate panel on a rack near the computer. 

Commands 

The 

IOT 616x. 

6161 RARB 

6162 CSUB 

6163 CSRB 

6164 SSRB 

IOT commands used by the device all use device code 16 (octal), 

The seven commands are as follows: 

Read All Relay Bits. The contents of the Relay 

Register are OR transferred into the AC. 

Clear Selected Relay Bits. Flip-flops selected 

by 1 bits in the AC are set to the 0 state. 

CAC Clear Selected Relay Bits, Clear AC. Performs the 

same function as CSRB, and then clears the AC. 

Set Selected Relay Bits. Bits selected by 1 bits 

in the AC are set to the 1 state. 
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6165 SSRB CAC Set Selected Relay Bits, Clear AC. Performs the 

same function as SSRB, and then clears the AC. 

6166 LARIi Load All Relay Bits. Bits in the register are 

set to the state of corresponding bits in the AC. 

6167 LARB CAC Load All Relay Bits. Clear AC. Performs the 

same function as LARB, and then clears the AC. 

Operational Description 

The control section schematic is shown in Figure 9. It uses 
t 

the outputs of BMB bits 9 through 11 (BMB9 through BMB11) to further 

decode the IOT pulses from the device selector to develop the seven 

commands. These commands were set up so that all timing information 

needed for the operation of the register could be derived from the IOT 

pulses from the device selector module. 

There are several important features of the command set which 

make the decoding of the commands easy. Only one of the seven commands 

transfers data into the AC. The other six are all output transfers from 

the AC. Three of these six clear the AC after transferring data from 

it. Lastly, the last two commands (the load commands) bear some resem¬ 

blance to the preceding two commands (the set bit commands). Due to 

these relationships, the decoder needs to derive only five discrete 

functions from th3 seven commands. Theae functions are (1) read, (2) clear 

selected, (3) set selected, (4) clear all bits, and (5) clear AC. 

The read function is derived directly from the read command, 





6161. this function is defined as follows: 

READ » IOT1.and .BMB9.and .BMB10 

In other words, the read function is done at IOT1 time if both BMB9 

and BMB10 are not in the 1 state (neither I0T2 nor I0T4 will follow 

for this command). The Implementation of this function is shown in 

Figure 9. The I0T1 pulse and BMB lines are connected to pins E, D 

and F (respectively) of the Rill NAND gate at A8. The output of this 

gate will be at 0 volts only when the equation shown above is true. This 

output is connected to an Rill and an R113 gate which are connected as 

inverters. They are connected in parallel to provide enough current 

drive capability. Their output is the read function. 

The clear selected function is derived directly from the clear 

selected bits commands, 6162 and 6163. This function is defined as 

follows: 

CLEAR SELECTED = .not.(I0T2.and.BMB9) 

In other words, the clear selected function is done at I0T2 time if 

BMB9 is not in the 1 state (I0T4 will not follow for this command). The 

function is implemented by a R113 (pins L, M and N at B8) NAND gate and 

a R603 pulse amplifier (pins P and H at Bl). The output of this gate 

will be at 0 volts when both inputs are at -3 volts, which will satisfy 

the logic equation above. This is the clear selected function, and is 

amplified by the pulse amplifier to provide tie necessary drive. 

The set selected function is derived from both the set selected 

commands, 6164 and 6165, and the load commands, 6166 and 6167. The 
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function is defined as follows: 

SET SELECTED = .not.I0T4 

where the .not. specifies that the function is present when the 

output of the device selector module is at 0 volts. As can be seen, 

this function does not require any further gating. 

The clear all function is derived from the load commands, 6166 

and 616-, and from the B WR CLEAR line from the i/o bus. This function 

is defined as follows: 

CLEAR ALL = .not.(I0T2.and.BMB9 .or. B PWR CLEAR) 

In other words, the clear function is a 0 volt level which is present 

when either the B PWR CLEAR pulse is sent from the computer, or when 

I0T2 is present at the same time that BMB9 is in the 1 state (I0T4 will 

follow for these commands). This function appears at I0T2 time for the 

load commands, and clears the register so that the set selected function 

can be used to properly make the contents of the register agree with 

the contents of the AC. The function is implemented by inverting the 

B PWR CLEAR pulse with a R113 NAND gate (pins H and K at B8) and using 

its output in a wired-OR configuration with another R113 NAND (pins D, 

E and F at B8) whose inputs are the I0T2 pulse and the true side of BMB9. 

The ORed result is the input to a R603 pulse amplifier (pins J and F at Bl) 

which is needed to provide the necessary drive. 

The clear AC function is derived from all of the output tranafer 

commanda which end with an odd digit, 6163, 6165 and 6167, The function 

is defined as follows: 

CLEAR AC 
.not .BMB11 .and.(I0T2.and.BMB10 .or. I0T4) 



In other «orte. If the eoem.nd ts odd but not reed, clenr the AC ,t 

I0T2 ti«e unten, I0T4 1. to folio., 1» .hid, cene elenr the AC nt 

I0T4 time. It le necessary that thu function not be true until the 

last IOT pulse for the coomsnd, or else the AC mlsht be cleared at 

I0T2 time during the execution of the load command 6167, ln »hlch esse 

the register .„uld hot be set as specified by the 1 bits In the AC. 

The function 1. Implemented by KOMcg the clear selecte<1 functlon 

<»hlch c.nno, occur If IOT4 is to foil») the IOT4 pulse from 

the device selector using . 8113 gate (pins P, 8 and s at 88). The 

output of this gate 1, NAMted by a Bill (pins R, s .„d 0 at A8) ,1th 

B8B11 and connected to the CLEAR AC line In the I/o bus. The output 

from this g.te .111 pull the I/o bus line to ground .hen the function 

is true. 

The register section Is ,ho.n In Figure 10. He function lines 

from the control section (described sbov.) are shen entering the 

drawing from the left and are bussed to all of the fllp-fl„ps In the 

register, since all bits of the register are functionally the same, 

only bit 11 (upper right In the drawing) .m ^ described . 

The level Input, to the 8202 flip-flop (pm, p .nd v st B7) ,r(, 

both connected to the BAC bus. They .111 Le held at 0 volts .hen 

bit 11 of the AC Is in the 1 state. The set selected and clear selected 

function Unes sre connected to the se, and clear pulse input., respective!, 

When one of these t.o pulses appears, the flip-flop .111 g0 to the 

specified state if the level Inputs are also at 0 volts (corresponding 

t» - 1 bit in the AC,. Thus these t.o functions sre performed completely 
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by the input gating of the flip-flops themselves. The clear all 

function line is connected to the direct clear input (pin R at B7) of 

the flip-flop. When it is asserted (0 volts), the flip-flop will be 

forced to the 0 state. 

The "l" output (-3 volts when true) from the flip-flop is connected 

to reve:al circuits: a R123 output gate, a W051 relay driver, a clamped 

load, and a flip-flop clear line to the external control box. The 

output gate is used by the read function to gate the current state of the 

flip-flop onto the AC input bus. The gate output is an open collector 

transistor without a clamped load. If the flip-flop is in the 1 state 

when the read pulse occurs, the bus will be pulled to 0 volts, which will 

set the corresponding bit in the AC (an OR transfer). 

The relay driver provides the necessary drive for lights and 

relays. Its output is connected to the light in the push-button light 

and to a BNC connector (which can be used to drive a relay or another 

light) in the external control box. The driver is a 100 ma driver and 

the light draws 30 ma, leaving 70 ma of capacity. Care should be taken 

to limit the load to 100 ma or else the driver transistor will burn out. 

If a light or relay is connected to the BNC, the other side of the device 

must be connected to either the -15 volt BNC which is provided on the 

external control box or to a good -15 volt power supply (the supply 

should be connected to the ground side of the computer power supply). 

The clamped load is connected to the output of the flip-flop to 

prevent ringing on the flip-flop clear line from forcing the flip-flop 

to the 0 state after it has been set to the 1 state. This line, which 
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extends to the external control box, allows the flip-flop to be 

cleared (set to the 0 state) by pushing the button on the push-button 

lights. When the push-button is closed, the output of the flip-flop 

is tied to ground. If the flip-flop is in the 0 stete, its output will 

already be at 0 volts, and nothing will happen. If the flip-flop is 

in the 1 state, with its output at -3 volts, forcing the output to 0 

volts will force the flip-flop to the 0 state, where it will stay until 

set again. This feature allows the bits in the register to be used as 

input switches (by reading the contents of the register to ste if any 

of the bits have changed from the 1 to the 0 state). It also means 

that bits which should stay set may need to be reset should the button 

be pushed . 

2. Switch Register 

Functional Description 

The block diagram for the Switch Registers (SRs) is shown in 

Figure 11. As can be seen from the diagram, the device is composed of 

a control section and an externally mounted switch box. The control 

section is contained in part of the mounting panel that contains the 

X,Y display control. The switch box is mounted under the console of 

the computer, directly under the console switch register, and contains 

three 12-bit switch registers, SRI, SR2, and SR3. The two sections are 

connected by a cable. 

The control section does a small amount of decoding (beyond that 

done by the device selector module) to select the one of the three 
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switch registers to be read and, if desired, to clear the AC. 

Commands 

The IOT commands used by the device all use device code 15 

(octal), IOT 615x. The six commands are as follows: 

6152 0SR1 OR Switch Register 1 with the AC. 

6153 LAS1 Load the AC with Switch Register 1. 

6154 0SR2 OR Switch Register 2 with the AC. 

6155 LAS2 Load the AC with Switch Register 2. 

6156 0SR3 OR Switch Register 3 with the AC. 

6157 LAS3 Load the AC with Switch Register 3. 

Operational Description 

The control section schematic is shown in Figure 12. The logic 

decodes BMB bits 9 and 10 (BIIB9 and BMB10) to select one of the three 

switch registers. This is done by three Rill triple-input HAND gates 

(at BOD20) . '«'hese gates are also connected to the "device selected" 

output from the device selector module through a Rill RAND gate (pins R, 

U and V at B0D21) connected as an inverter. These inputs enable the 

gates to decode BMB9 and B1IB10 only when the device is selected. The 

other inputs to the gates are the true or complement values of BMB9 and 

BMB10 chosen such that the output of Just one of the gates will be at 0 

volts when the decoding is done. The connections decode BMB9 and BMB10 

for IOT 615x as follows: for 01 (6152 or 6153), pin H is low, selecting 

SRI; for 10 (6154 or 6155), pin N is low, selecting SR2; for 11 (6156 or 

6157), pin U is low, selecting SR3. These output pins are connected to 

the three output lines to the switch registers. 
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The lOTl output pulse from the device selector module is simply 

connected to the AC Clear line through an input bus gate, the Rill 

NAND (pins D and H) without a clamped load at B0D21. This will cause the 

AC to be cleared at I0P1 time whenever the 615x IOT command specified 

ends with an odd octal digit, and causes the LASn commands to effect a 

Jam transfer into the AC by first clearing it and then doing an OR 

transfer with the set switches of the selected switch register. 

The switch register select lines are bussed to all of the switches 

in each of the 12-bit registers, as shown in Figure 13. The switches are 

connected in a simple matrix with the three select lines for Inputs and 

the 12 bit lines for outputs. Each of the 36 switches in the three 

registers is connected to its bit line through a diode. These diodes 

provide isolation between the three registers. When one of the registers 

is selected, its select line is pulled to ground (0 volts). Due to the 

direction that the diodes are connected, any switches in the selected 

register which are in the 1 state will pull their bit lines to ground 

also. The diodes keep the grounded bit lines from feeding back through 

any other ««witches on the same line which might be in the 1 state to the 

unselected register select lines. 

The bit lines from the switch box then go back to the control 

section as shown in Figure 12. They are connected through the R107 

inverters (at B0D17 and BOD18) so that switches which are in the 1 state 

will present -3 volts to the inputs to the R123 Input Bus Gates (at B0D15 

and BOD16). The data is then gated onto the AC input bus by the "OR with AC" 

pulse. This pulse is developed by NORing (with the Rlli, pins K, L, N and 
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P at B0D21) the I0T2 and I0T4 pulae outputs from the device selector. 

Although this simple method will cause the data to be transferred 

twice when SR3 Is selected, the transfer Is an OR transfer and thus 

will be the same If done twice. 

Finally, It should be noted that the arrangement of the control 

section causes the select lines to the specified register to be pulled 

to ground for at least 2 microseconds before the data is gatbd onto 

the AC input bus. This gives ample time for the select and data lines 

to settle before the data is transferred through the input bus gates 

onto the input lines. 

3. Utility Buffer 

Functional Description 

The block diagram for the Utility Buffer (UB) is shown in Figure 14. 

The buffer consists of input gating, a four-bit up-counter, level con¬ 

verters and light drivers, and control logic. The buffer can be set 

from the BAG bus and can be incremented either by an IOT or by an external 

pulse from a push-button or signal generator. The level converters inter¬ 

face the counter with external logic. The light drivers are connected 

to the Clock and Event Channel Control Box, which ia mounted in a rack 

near the computer. The lights are push-button types, the buttons of 

which can be used to clear the flip-flops in the counter (when so enabled 

by a switch on the control box). 

Commands 

The IOT commands used by the device all use device code 11 (octal), 

42 



FIGURE 14 

UTILITY BUFFER BLOCK DIAGRAM 

43 

S— HMHLütfd ÊÊÊÊÈ.I 



lOT 611x. The three commands are as follows: 

6111 CUB Clear Utility Buffer. 

6112 SUB Set Utility Buffer to ÀC8-11. 

6113 IUB Increment Utility Buffer. 

Normally CUB and SUB are used together to first clear and then 

set the contents of the buffer. 

Operational Description 

The schematic for the Utility Buffer is shown in Figure 15. The 

input gating is accomplished by four of the R123 NAND gates at B28. The 

gating setup causes the transfer of data tc be equivalent to an OR transfer 

with the complement of AC bits 8 through 11, i.e., bits that are in the 0 

stete will cause corresponding flip-flops to be set, but bits in the 1 

state will not affect the corresponding flip-flops. Normally the flip- 

flops are first cleared by the CUB IOT and then set by vhe SUB IOT tas 

specified by 0 bits in the AC). 

The up-counter is composed of four flip-flops which are connected 

to complement when the output of the previous stage goes from the 1 to the 

0 state. The direct clear inputs to the flip-flops are also connected 

to the I0T1 (CUB) pulse from the device selector module. When an increment 

pulse is generated by one of the three sources, it causes the first 

flip-flop ("1") to complement. If it was in the 1 state, the transition 

to the 0 state will cause the second flip-flop ("2") to complement. 

This will continue for each of the flip-flops that were in the 1 state 

before the pulse was generated. 
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20 milliseconds to allow for the bouncing of the switch contacts. The 

output of the first delay is connected to the pulse input to the second 

section (pin N at A26). rhe level input to this second delay (a DCD input 

gate) is also connected to the switch and clamped load. This second 

delay will only be triggered by the transition from -3 to 0 volts on 

the output of the first delay (at the end of the output pulse) if the 

switch is closed. This second delay therefore will only be triggered 

by the closing of the switch, and will ignore both bounce on closing and 

bounce on opening. The output of the second delay, a pulse of about 

400 ns duration, is then inverted and ORed with the other pulse source 

and the pulse output from the device selector. 

4. 120 Hertz Clock 

Functional Description 

The block diagram for the 120 Hz clock is shown in Figure 16. The 

clock consists of a 120 Hz source which is driven from the AC power line, 

flag and control flip-flops, gating to the Skip and PI busses, light 

drivers and a device selector module. 

The clock is enabled or disabled by the enable flip-flop. When 

in the disabled state, the flag flip-flop cannot be set by the 120 Hz 

source. It is thus effectively "turned off." The connect flip-flop 

connects the flag flip-flop to the PI bus. When in the disconnected 

state, che flag flip-flop cannot request a program interrupt. The 

device selector module provides the control functions to the various 

flip-flcps. Lastly, the light drivers provide an indication of the 

status of the control flip-flops to the outside world. The lights 
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that they drive are on the Clock and Event Channel Control box, and 

are push-button lights which are also connected back to the control 

/lip-flops to allow the» to be cleared from the control panel. 

Commands 

The IOT commands used by the device all use device code 10 

(octal), IOT 610x. The four commands are as follows: 

6101 TMSF Skip if Time flag NOT set. 

6102 TMCF Clear Time Flag, connect flag to PI bus and enable 

6104 TMDF 

6105 TMDC 

Time Clock. 

Disconnect Time Flag from PI bus. 

Disable Time Clock and disconnect flag from PI bus. 

When it is desired to turn off the clock, TMCF and TMDC are 

micro-coded together to clear the flag flip-flop and then disable and 

disconnect the clock. The clock is re-enabled and re-connected by 

giving TMCF. 

Operational Description 

The schematic for the 120 Hz source is shown in Figure 17. A 

transformer with a 6.3 VAC secondary provides voltage at power line 

frequency to a full-wave bridge rectifier. The 120 Hz output from the 

rectifier is then applied directly to the input of a nA709 IC opera¬ 

tional amplifier whici has no feedback. The other input to the operutlonal 

amplifier is an adjustable, DC threshold voltage. As the input from the 

rectifier swings past the threshold voltage, the output from the amplifier 

swings from the maximum negative to the maximum positive voltage that 
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the power suppliea will allow. This output is thus a rectangular 

wave whose symmetry is adjusted by the threshold voltage. It is 

connected to the input of a 9914 RTpL dual HAND gate which is connected 

as a one-shot. The output from this circuit is a pulse of about 10 4s 

duration at each leading edge of the rectangular wave from the amplifier. 

The pulse from the one-shot then goes to the final stage, a single 

transistor, which inverts the pulse and provides level conversion to 

DEC logic levels. The complete circuit for the source, with the exception 

of the transformer, is mounted on a Type W994 blank module. The output 

from the transistor is brought to a pin on this module for connection 

to the rest of the clock. 

The schematic tor the 120 He clock logic is shown in Figure 18. 

The output from the 120 Hz source is connected to the input to a »107 

inverter (pins « and S st *22), which completes the standardisation to 

DEC signal characteristics. The output from the Inverter is connected 

to the pulse input (pin H) of the flag flip-fl„p (. „¡„3, pl„s „ E 

F, H and J at B24). The level input (pin J) of the flag is connected 

to the output from the »203 enable flip-flop (pins K, L, H, N and P 

at 824). The enable flip-flop, as described previously, is used to 

turn the clock on and off. When it is in th. 1 state (as indicated by 

the enable status light), the level Input to the flag flip-flop win 

be at 0 volts, and pulses fro. the 120 Hs source will set the flag, »hen 

the enable flip-flop is in the 0 state, the level input to the flag 

flip-flop will be at -3 volts, and pulses from the 120 Hs source will 

affect the flag. In this state the clock is turned off. 
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The output from the flag flip-flop is connected to the two Rill 

bus gates (at B23) . The gate connected to the PI bus (pins K, L and N), 

is also connected to the output from the connect flip-flop, also 

a R203 (at B24) . When this flip-flop is in the 1 state (as indicated 

by the connect status light), the connect input to the Rill (pin L) will 

be at -3 volts, and the set condition of the flag flip-flop will pull 

the PI bus to 0 volts, requesting a program interrupt. When the connect 

flip-flop is in the 0 state, the condition of the flag flip-flop will 

not affect the PI bus. 

The other Rill bus gate to which the flag flip-flop is connected 

is connected to the Skip bus. This gate is used in conjunction with the 

device selector to test the condition of the flag flip-flop with the 

TMSF instruction. The gate inputs are connected to the complements of 

BMB bits 9 and 10 as well as to the flag flip-flop and the device selector 

module. All inputs to the gate will be at -3 volts (1 state) only when 

TMSF (6101) is issued by the processor and the flag flip-flop is not 

in the 1 state. This condition will pull the Skip bus to ground, causing 

the processor to skip the following instruction. The inputs connected 

to BMB bits 9 and 10 prevent commands 6103, 6105 and 6107 from being able 

to cause a skip to occur. This was necessary to prevent a conflict 

with TMDC, 6105. 

The outputs from the enable and connect flip-flops are also 

connected to light drivers to provide a visual indication of the status 

of these flip-flops. The indicator lights are push-button lights, and 

the buttons are connected back to the outputs of the flip-flops to allow 

them to be cleared manually (an enable switch keeps the flip-flops from 
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being cleared inadvertently). The lights and switch are on the Clock 

and Event Channel control box. 

The device selector module provides the control pulses needed 

for program control of the clock. The use of the I0T1 pulse to test 

the state of the flag has been described previously. The I0T2 pulse 

resets all flip-flops as follows: flag, clear; enable, set; connect, set. 

This pulse is not gated in any way. The I0T4 pulse is connected to the 

pulse inputs to both the enable and connect flip-flops. The connect 

flip-flop is always reset to the 0 state by this pulse, but the enable 

flip-flop is reset only if BMB11 is in the 1 state (6105 or 6107). 

This is all that is needed for decoding the TMDC instruction. 

The B WR CLEAR pulse is also used in this logic to reset all 

of the flip-flops, but to slightly different states than is done by 

I0T2 (6102, TMCF). The R107 inverter (pins U and T at A22) inverts 

the pulse to go to ground, and is connected through isolating diodes 

to each of the flip-flops. The flip-flops are thus forced to a known 

state whenever the power is *urned on or the START key on the computer 

is depressed . 

5. Variable Clock 

Functional Description 

The block diagram for the Variable Clock is shown in Figure 19. 

The clock consists of a variable rate R-C pulse source, flag and 

control flip-flop.-î, a pulse output to drive the A-D converter (DEC Type 

AP01A), gating to the Skip and PI busses, light drivers and device selector 

logic. 
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The pulse source is a synchronizable multivibrator with a 

resistor-capacitor timing network. It is enabled and disabled by the 

enable flip-flop, and when enabled, produces pulses of about 100 nano¬ 

second duration at the rate set by the R-C network. The output from 

the pulse source goes to the pulse inputs of the flag flip-flop and 

the A-D converter driver. The select flip-flop and gating determines 

which of these will respond to the pulses, allowing the clock either to 

operate as a simple clock for timing purposes or to directly drive the 

A-D converter for fixed-rate sampling. The flag flip-flop is connected 

through gating to the Skip and PI busses, allowing program testing of 

the state of the flag. The connect flip-flop controls the connection 

of the flag to the PI bus. When in the 1 state, the set condition >f 

the flag will request a program interrupt. The device select logic 

provides program control of the various clock functions. The light 

drivers provide an indication of the status of the control flip-flops, and 

are wired to push-button switch-lights. The switches are wired back to 

the control flip-flops and allow them to be cleared manually. 

Commands 

The I0T commands used by the device are from device codes 07 (octal), 

I0T 6071, and 12 (octal), IOT 612x. The five „-ommands are as follows: 

6121 CKSF Skip on Clock Flag not set. 

6122 CKCF Clear Clock Flag, enable clock, connect flag to PI 

bus and select flag. 

6124 CKDF Disconnect Clock Flag from PI bus. 
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6125 CKDC Disable Clock and disconnect flag from PI bus. 

6071 CKAD Select A-D driver output. 

When it is desired to turn the clock off entirely, CKCF and 

CKDC are micro-coded together to clear the flag and then disable 

and disconnect it. The clock is turned back on by giving CKCF, 

followed by CKAD if it is desired to select the A-D drive output. 

Operational Description 

The RC pulse source is a stable, synchronizable pulse generator 

which may be disabled. It is a R401 clock module and has pulse jitter 

specified as less than 0.2%. When it has been disabled (stopped) for 

at least one pulse period and is then re-enabled, it will produce a 

pulse within 70 nanoseconds of the time that the enable line goes to 

-3 volts. Following pulses will occur at the pulse repetition set 

by the RC network. This is one of the most important features of the 

clock, because it allows clock synchronization with external events. 

The schematic for the clock is shown in Figure 20. The R401 clock 

module is enabled by the enable flip-flop section of the R302 (pins K, 

L, M, N and P at B27) . This flip-flop is also connected to the select 

gating. The connect flip-flop section of the R302 (pins R, S, U and V 

at B25) is connected to the PI bus output gate, and controls the pulling 

of the PI bus to ground when the flag flip-flop is set. The select 

flip-flop section of the R202 (pins D, E, H, J, K and L at A28) controls 

the use of the pulses from the R401. When this flip-flop is set, outputs 

from the clock module (which can occur only when it is enabled) will cause 
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the flag flip-f op to be set (which can request a program interrupt if 

the Connect flip-flop is set) . When this flip-flop is clear, the pulses 

from the clock module will be amplified by the R602 pulse amplifier and 

cause the A-D converter to begin a conversion. 

The flag flip-flop section of the R302 (pins D, E, F, J and H 

at B25) is used to flag the computer that a clock pulse has occurred 

(when so selected). It is connected through gating to the Skip and PI 

busses of the i/o bus, and is reset by the CKCF instruction. 

The actual operation of the clock is dependent on the state of 

the enable flip-flop. This flip-flop, when set to the 0 state (0 volts 

on pin L at B25), disables the R401 module and no pulses are produced 

by it. When this flip-flop is set to the 1 state (-3 volts on pin L), 

the clock module is enabled and will produce pulses at the set rate. 

These pulses are connected to the rate out terminal for monitoring and 

to the pulse inputs to the flag section of the R203 and to the R602 

pulse amplifier. Depending on the state of the select flip-flop, the 

pulses will either cause the flag flip-flop to be set or will cause 

an amplified pulse to be sent to the A-D converter to initiate a 

conversion. Due to the R123 gates (pins D, E, F, H and J at B28), the 

enable flip-flop also affects the flag flip-flop and the pulse amplifier. 

These modules have DCD gates at their inputs which require that their 

level inputs be at a ground level for at least 400 nanoseconds before 

pulses at the pulse inputs will be gated through. When the enable flip-flop 

is In the 0 state, the outputs of both of the R123 gates are at -3 volts, 

and the DCD gates of the two modules are disabled. When the enable flip-flop 



goes to the 1 state, the output of one of the R123 gates (determined 

by the state of the select flip-flop) will go to 0 volts. At the same 

time that this is happening, the clock module is being enabled, and produces 

its first pulse within 70 ns. However, the DCD gates will have been 

enabled by the ground level for less than 70 ns and will not have been 

set up completely. Thus the first pulse from the clock module will be 

ignored. This feature is very important because it allows the desired 

operation of the clock without any other hardware—the first real pulse 

from the clock is exactly one clock period from the time that the clock 

is enabled. This allows, for instance, an A-D conversion to be initiated 

exactly one clock period from the time that the clock is enabled in 

response to some event, without any supervison from the computer. 

For proper operation of the disable-enable-synchronize feature 

of the clock, the clock must be disabled for at least one clock period. 

This is necessary to be sure that the clock module hfs timed out properly 

and that the DCD gates have been preset properly. 

When the A-D convert pulse is the selected output from the clock, 

the state of the connect flip-flop will not affect the operation of 

the clock unless the flag flip-flop is left in the set condition. After 

it has been cleared, it cannot be set until a CKCF instruction is given 

to re-select the flag output. Note that since the CKCF instruction not 

only clears the flag but also re-selects the flag output, any selection 

of the A-D output by the CKAD instruction must be done after a CKCF is 

given. 
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When the flag flip-flop is selected and set, the connect flip- 

flop controls the pulling of the PI bus to ground through the Rill 

(pins K, L and N at B26) . The action of the flag flip-flop and the 

control of the flag, enable and connect flip-flops by the W103 device 

seluctor (at A15 and B15) is identical to the operation of the 120 Hz 

clock control, except as described above. Refer to that section for 

further description of operation. 

As with the 120 Hz clock, each of the control flip-flops is 

connected to a light driver which is used to give a visual indication 

of the status of the clock. The push-button lights to which they are 

connected also allow the control flip-flops to be cleared in the same 

manner as the 120 Hz clock control. 

The B FWR CLEAR pulse from the computer is used to reset the 

control flip-flops to conditions similar to those set up bj the CKCF 

instruction. The R107 inverter (pins P ana N at A22) produces a 

ground-going pulse which is connected to the outputs of the flag, enable 

and connect flip-flops through isolatiig diodes. When the pulse is 

generated by the computer the clock is enabled, the flag is cleared and 

the flag is disconnected from the PI bus. 

6. Event Channels 

Functional Description 

The block diagram for the Event Channels is shown in Figure 21. 

Each of the three channels consists of a comparator, a flag flip-flop, 
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Skip and PI bus gating and a flag light driver. All of the flags are 

connected to or disconnected from the PI bus by a switch on the Clock 

and Event Channel Control Box, which is mounted in a rack near the 

computer. When the switch is open, the setting of a flag flip-flop will 

cause the corresponding gate tc pull the PI bus to ground, requesting a 

program interrupt. When the switch is closed, no program interrupts can 

be requested . 

The lights to which the light drivers are connected are also in 

the control box. They are push-button lights and the buttons are connected 

back to the flag flip-flops, allowing the flip-flops to be reset (when 

so enabled by a switch on the control box). 

Commands 

The IOT commands used by the device use device codes 13 (octal), 

IOT 613x, and 14 (octal), IOT 614x. The six commands are as follows: 

6131 ECS1 Skip if Event Channel 1 flag is set. 

6132 ECS2 Skip if Event Channel 2 flag is set. 

6142 ECS3 Skip if Event Channel 3 flag is set. 

6141 EGC1 Clear Event Channel 1 flag. 

6134 ECC2 Clear Event Channel 2 flag. 

6144 ECC3 Clear Event Channel 3 flag. 

Operational Description 

The schematic for the Event Channels is shown in Figure 22. 

Since each of the channels is identical except for the controlling IOT 

pulses, only channel 1 will be described. The comparator is an inexpensive 
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one which is only tested for operation with input voltage differences 

of less than 100 millivolts. The output of the W520 comparator (pins D, 

E and H at A18 for channel 1) will be at 0 volts whenever its input 

is more positive than the other input. All of the inputs to the com¬ 

parators come from the Clock and Event Channel Control Box. 

The ground-going transition of the comparator output causes the 

corresponding flip-flop to set. Since the comparator is connected to 

the pulse input to the R203 flag flip-flop (pin H at A19), the flag 

can be reset even if the output of the comparator stays at 0 volts. 

Therefore only a positive-going transition on the input will set the 

flag . 

If the switch on the control box is open, the clamped loads 

(pins J, P and V at A20) hold one set of the inputs to the gates 

connected to the PI bus at -3 volts, enabling them. Whenever one of 

the flags is set, the gate(s) will pull the PI bus to ground, requesting 

a program interrupt. When the switch is closed, the inputs to the gates 

are held at 0 volts and are thus disabled. 

The program tests the state of a flag by issuing an ECSx command. 

If the flag flip-flop is set, its output will be at -3 volts, enabling 

the corresponding Rill gate (at A20). When the I0T pulse is sent 

out by one of the device selectors, it will be gated through to the 

Skip bus which it will pull to ground, causing the processor to skip 

the next sequential instruction. 

The flag can be reset by issuing an ECCx command. The I0T 

pulse from the device decoder pulls the reset input of the flip-flop 
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to 0 volts, directly resetting it. As mentioned above, the flag can 

also be reset by pushing the corresponding push-button light on the 

control box. Doing this forces the flip-flop into the reset state 

by forcing the output from the flip-flop to 0 volts. 

The B PWR CLEAR pulse from the computer forces all flag flip-flops 

to the reset state. The R107 inverter (pins K and J at A22) produces 

a ground-going pulse which is connected to the outputs of the flip-flops 

through isolating diodes. This pulse forces the outputs of the flip-flops 

to 0 volts, resetting them. 

7• plotter Control and Utility Pulses 

Functional Description 

The block diagram for the Plotter Control and Utility Pulses is 

shown in Figure 23. The plotter control consists of two pulse 

generators which are used by the X-Y plotter paper advance, gating 

to test the status of the plotter paper advance, and a flip-flop and 

driver to control the plotter pen (raise and lower it). The Utility 

pulses are generated by two other pulse generators and are available 

for use as desired. 

The X-Y recorder is driven by the Digital-to-Analog (D-A) con¬ 

verters in the oscilloscope control (DEC Type 34D). Since two oscillo¬ 

scopes and the X-Y recorder are connected to these outputs with a 

considerable amount of cable, it was also necessary to add booster 

operational amplifiers between the outputs of the D-As and the cable*. 

They are also shown in the block diagram. 
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Commands 

The IOT commands for these devices use device codes 02 (octal), 

I0T 602x, 07 (octal), IOT 6072, and 30 (octal), IOT 630x. The seven 

commands are as follows: 

6021 PMDA 

6022 PAIM 

6024 SDP 

6072 CDP 

6301 PSOB 

6302 UPP1 

6304 UPP2 

Plotter Major Division Advance. 

Plotter Incremental Advance, 

Set Display (plotter) pen (lower it) . 

Clear Display (plotter) pen (raise it). 

Plotter Skip on Busy (chart advance). 

Utility Pulse 1. 

Utility Pulse 2. 

PSOB is used to test for paper in motion after either PMDA or 

PIAM is issued. 

Operational Description 

The schematic for the Plotter Control and Utility Pulses is 

shown in Figure 24. The plotter control consists of the W103 device 

selector (at A13 and B13), the R302 dual one-shot (at B22), the W601 

positive output converter (at B21), the R203 pen flip-flop (pins R 

and S at B0A24), the W051 relay driver (pins U and T at A27) and 

the Rill gate (pins R, S and U at B23) which is used to drive the Skip 

bus. 

The plotter control pulses, are derived by simply stretching the 

IOT pulses output by the device selector (at A13 and B13) to about 
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FIGURE 24 
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100 microseconds with the one shots and then converting them to the 

positive levels needed by the plotter chart advance. The pulse caused 

by the PIAM command is connected to the incremental advance input in 

the chart advance control and causes the paper to be moved one increment 

forward (as set by a switch on the advance control). The pulse caused 

by the PMDA command is connected to the major division advance input 

and moves the paper one inch . 

The status of the plotter paper advance is tested by the PSOB 

command. The 6301 I0T pulse from the device selector (pin AlOF) is 

simply gated by the Rill gate (pins R, S and U at B23) to the Skip 

bus when the paper advance busy line is negative. When the advance 

is not busy, the line is at 0 volts and the I0T will not be gated through. 

The plotter pen control uses a R203 flip-flop (pins S and R at 

BOA24) which is part of the 34D display control, and which was intended 

to be used for a light pen flag. Thus part of the circuit is not 

shown in Figure 3-17, but will be found in the 34D prints. The output 

from the flip-flop was simply re-routed to a relay driver which is used 

to drive an external relay which, in turn, raises and lowers the pen 

on the X-Y plotter. The flip-flop is set by the SDP command, which 

causes an I0T pulse from the device selector (pin A13S) to set the 

flip-flop through the direct set input. The flip-flop is cleared by 

either the CDP command or by the B PWR CLEAR pulse through gating in 

the 34D control. 

The utility pulses are generated the same that the plotter control 

pulses are generated, with the exception that a W600 negative output 
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Converter (at B18) is used rather than the W601 and the pulses are 

stretched to only 3 microseconds rather than 100. These two pulse 

outputs were designed to drive a special 100 KHz multiplexer designed 

and built by the Tropospheric Propagation Group which is described in 

5,6 
other reports . 

As mentioned above, X and Y booster amplifiers were added to 

the outputs of the X and Y D-A converters in the 34D display control. 

The capacitive load of the cables connecting the outputs to the two 

display oscilloscopes and the X-Y recorder caused severe delays in 

the settling time of the D-A converters. The result was that the 

voltage on the cables would still be settling at the time that the 

intensify pulse from the 34D reached the display oscilloscopes, 

producing a smeared display. The connection of the booster amplifiers 

is shown in Figure 25 along with the connections to the X-Y plotter 

cable connector. 
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IV. CONCLUSION 

The design checkout for the devices was accomplished in three 

stages. The devices were first built and bench tested away from the 

computer. As mentioned in the introduction, this was primarily to 

reduce the time that the computer would be non-operational during 

device installation. The devices were then installed and tested, 

with some debugging, until they were in operational condition. 

Finally the data collection program that had prompted the hardware 

design was finished and the hardware and software were fine tuned 

together. It was during this time that the need for the extra switch 

registers was discovered, so they were designed, installed and tested 

also. The data acquisition program was then updated to use the 

extra switches. 

The complete system, including the devices described previously, 

the IBM compatible magnetic tape unit and the data acquisition 

program, have been tested carefully and have met the original design 

goals. Furthermore, the system has been tested at an aggregate data 

rate of 7,200 words per second onto the magnetic tape, which is about 

20 percent faster than the maximum data rate which was predicted to be 

needed. The data acquisition program is more thoroughly described in 

4 
an unpublished manuscript. 

Since the time .iat the system has become operational, all of the 

data acquisition using the three Tropospheric Propagation Group arrays 

has been done using this system. In the first year of operation of 

the system, more than twenty 2400 foot reels of data have been acquired. 
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This 1¾ equivalent to over 200 million data samples, more data 

than had been acquired in the previous 4 years. The data so 

acquired and its analysis has been discussed in the Ph.D. theses 

3 6 7 
of Dra. Peter Mandics, Jeff Harp and Nick Cianos and in a final 

report by Dr. Alan Waterman.8 

Since the time that the system has been operational, most of 

the other programs used by the Group (mostly data reduction programs) 

have also been modified to make use of the new hardware and the IBM 

compatible tape unit, with a tremendous improvement in system throiçhput. 
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